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1
DRIVE AXLE SYSTEM

TECHNICAL FIELD

This patent application relates to a drive axle system that
may have differently configured first and second drive axle
assemblies.

BACKGROUND

A vehicle having a tandem axle configuration is disclosed
in U.S. Pat. No. 8,651,994.

SUMMARY

In at least one embodiment, a drive axle system is
provided. The drive axle system may have a first drive axle
assembly and a second drive axle assembly. The first drive
axle assembly may include an input shaft, an output shaft, a
first ring gear, and a first pinion. The input shaft and the
output shaft may rotate about a first axis. The first ring gear
may rotate about a first ring gear axis and may provide
torque to a first wheel axle. The first pinion may rotate about
a first pinion axis and may be operatively connected to the
input shaft and the first ring gear such that the first pinion
may provide torque from the input shaft to the first ring gear.
The second drive axle assembly may include a second ring
gear and a second pinion. The second ring gear may rotate
about a second ring gear axis and may provide torque to a
second wheel axle. The second pinion may rotate about a
second pinion axis and may be operatively connected to the
output shaft. The second pinion may provide torque from the
output shaft to the second ring gear. The first pinion axis may
be disposed substantially parallel to the second pinion axis.

In at least one embodiment, a drive axle system is
provided. The drive axle system may have a first drive axle
assembly and a second drive axle assembly. The first drive
axle assembly may include an input shaft, an output shaft, a
drive gear, a first ring gear, a first pinion, and a driven gear.
The input shaft and the output shaft may rotate about a first
axis. The drive gear may be disposed on the input shaft. The
first ring gear may rotate about a first ring gear axis and may
provide torque to a first wheel axle. The first ring gear may
have a first front surface and a first set of ring gear teeth that
may be arranged around the first ring gear axis and that may
extend away from the first front surface. The first pinion may
rotate about a first pinion axis and may provide torque to the
first ring gear. The driven gear may be disposed on the first
pinion and may engage the drive gear. The second drive axle
assembly may include a second ring gear and a second
pinion. The second ring gear may rotate about a second ring
gear axis and may provide torque to a second wheel axle.
The second ring gear may have a second front surface and
a second set of ring gear teeth that may be arranged around
the second ring gear axis and may extend away from the
second front surface. The second pinion may rotate about a
second pinion axis and may be operatively connected to the
output shaft. The second pinion may provide torque from the
output shaft to the second ring gear. The first front surface
of the first ring gear may face toward the second front
surface of the second ring gear.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of an exemplary vehicle having a
drive axle system.
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FIG. 2 is a side view of a drive axle system having a first
drive axle assembly and a second drive axle assembly.
FIG. 3 is a top view of the drive axle system of FIG. 2.

DETAILED DESCRIPTION

As required, detailed embodiments of the present inven-
tion are disclosed herein; however, it is to be understood that
the disclosed embodiments are merely exemplary of the
invention that may be embodied in various and alternative
forms. The figures are not necessarily to scale; some features
may be exaggerated or minimized to show details of par-
ticular components. Therefore, specific structural and func-
tional details disclosed herein are not to be interpreted as
limiting, but merely as a representative basis for teaching
one skilled in the art to variously employ the present
invention.

Referring to FIG. 1, an exemplary vehicle 10 is shown.
The vehicle 10 may be a motor vehicle like a truck, farm
equipment, military transport or weaponry vehicle, or cargo
loading equipment for land, air, or marine vessels. The
vehicle 10 may include a trailer for transporting cargo in one
or more embodiments.

The vehicle 10 may have a drivetrain 12 that may provide
torque to one or more wheel assemblies 14 to propel the
vehicle 10. The drivetrain 12 may have a hybrid configu-
ration that may employ multiple power sources or a non-
hybrid configuration. In a non-hybrid configuration, the
drivetrain 12 may include an engine 20, a transmission 22,
and a drive axle system 24.

The engine 20 may provide power that may be used to
rotate one or more wheel assemblies 14. For example, the
vehicle 10 may have a set of wheel assemblies 14 that may
include a tire mounted on a wheel. In at least one embodi-
ment, the engine 20 may be configured as an internal
combustion engine that may be adapted to combust any
suitable type of fuel, such as gasoline, diesel fuel, or
hydrogen.

The transmission 22 may be coupled to and may be driven
by the engine 20. The transmission 22 may be of any suitable
type, such as a multi-gear “step ratio” transmission as is
known by those skilled in the art.

The drive axle system 24 may include a plurality of drive
axle assemblies. Each drive axle assembly may rotatably
support and may provide torque to one or more wheel
assemblies 14. In FIG. 1, a first drive axle assembly 30 and
a second drive axle assembly 32 are shown in a tandem axle
configuration, although it is contemplated that a greater
number of drive axle assemblies may be provided. In a
tandem configuration, the first drive axle assembly 30 may
be connected in series with the second drive axle assembly
32. The first drive axle assembly 30 may be referred to as a
forward-rear drive axle assembly. The second drive axle
assembly 32 may be referred to as a rear-rear drive axle
assembly. An output of the transmission 22 may be coupled
to an input of the first drive axle assembly 30 with a drive
shaft 34.

An output of the first drive axle assembly 30 may be
coupled to an input of the second drive axle assembly 32 via
a prop shaft 40. As is best shown in FIG. 3, the prop shaft
40 may extend along and may rotate about a prop shaft axis
42. The prop shaft 40 may be coupled to an output of the first
drive axle assembly 30 and an input of the second drive axle
assembly 32 at opposing ends via couplings 44, such as a
universal joints, that may allow the first drive axle assembly
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30 to move with respect to the second drive axle assembly
32 while allowing the prop shaft 40 to rotate about the prop
shaft axis 42.

The vehicle 10 may also include a front axle assembly 48
that may be configured to steer the vehicle 10. The front axle
assembly 48 may or may not be configured as a drive axle
that provides torque to at least one associated wheel assem-
bly 14.

The first drive axle assembly 30 and the second drive axle
assembly 32 may each have a differential 50. The differential
50 may receive torque from the engine 20 and transmission
22 and may transmit torque to a wheel assembly 14 via an
associated wheel axle 52. Each wheel axle 52 may inter-
connect the differential 50 to at least one associated wheel
hub assembly 54. In FIG. 1, two wheel axles 52 are provided
with the first drive axle assembly 30 and with the second
drive axle assembly 32 that extend from opposite sides of a
corresponding differential 50. In at least one embodiment, a
wheel axle 52 may be coupled to an output of the differential
50 at a first end and may be coupled to a corresponding
wheel hub assembly 54 at a second end.

The wheel hub assembly 54 may facilitate coupling of a
wheel assembly 14 to a wheel axle 52. For example, a wheel
assembly 14 may be mounted on and may rotate with the
wheel hub assembly 54 and a corresponding wheel axle 52.

Referring to FIGS. 2 and 3, the first drive axle assembly
30 and the second drive axle assembly 32 are shown in more
detail.

The first drive axle assembly 30 may be configured to
provide torque to its associated wheel assemblies 14 via its
wheel axles 52 and to provide torque to the second drive axle
assembly 32. In at least one embodiment, the first drive axle
assembly 30 may include a housing 60, an input yoke 62, an
input shaft 64, an interaxle differential unit 66, a drive gear
68, an output shaft 70, an output yoke 72, a first pinion 74,
a driven gear 76, and a first ring gear 78.

The housing 60 may receive various components of the
first drive axle assembly 30. In addition, the housing 60 may
facilitate mounting of the first drive axle assembly 30 to the
vehicle 10.

The input yoke 62 may facilitate coupling of the first drive
axle assembly 30 to the drive shaft 34. The input yoke 62
may have any suitable configuration and may be part of a
coupling 44 or universal joint. The input yoke 62 may also
be fixedly coupled to the input shaft 64. For instance, the
input yoke 62 may include a center bore that may receive an
end portion of the input shaft 64. The center bore and the
input shaft 64 may be provided with mating splines that may
help align and secure the input yoke 62 to the input shaft 64.
A fastener, such as a nut, may be threaded onto an end of the
input shaft 64 to further secure and inhibit removal of the
input yoke 62 from the input shaft 64.

The input shaft 64 may be configured to rotate about a first
axis 80. For instance, the input shaft 64 may be supported by
one or more bearings that may be disposed in the housing 60.
The bearings may cooperate to facilitate rotation of the input
shaft 64 about the first axis 80 while inhibiting axial move-
ment of the input shaft 64 along the first axis 80. The input
shaft 64 and the first axis 80 may be located above the first
pinion 74. The input shaft 64 may be coupled to and may
provide torque to the interaxle differential unit 66.

The interaxle differential unit 66 may be configured to
compensate for speed differences between the first axle
assembly 30 and the second axle assembly 32. The interaxle
differential unit 66 may be disposed in the housing 60
proximate the input shaft 64. An abbreviated discussion of
one example of an interaxle differential unit 66 known to
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those skilled in the art is provided for illustration purposes.
In this example, the interaxle differential unit 66 may
include a case that may receive an output gear, a spider, and
at least one pinion gear. The output gear may be disposed on
or may be operatively connected to the output shaft 70 and
may rotate with the output shaft 70 about the first axis 80.
The spider may be fixedly disposed on the input shaft 64 and
may rotatably support one or more pinion gears. The case
may receive the spider such that the case and spider may
rotate together about the first axis 80. The pinion gear(s) of
the interaxle differential unit 66 may include gear teeth that
mate with the output gear and with the drive gear 68, such
a via gear teeth that may be arranged on a side or face of the
drive gear 68 that faces toward the interaxle differential unit
66. An interaxle differential lock may be provided to lock or
unlock the interaxle differential unit 66. The interaxle dif-
ferential lock and may engage the case to inhibit the input
shaft 64 and the output shaft 70 from rotating at different
rotational velocities and may disengage the case to allow the
output gear and output shaft 70 to rotate at a different
rotational velocity than the input gear and input shaft 64.

The drive gear 68 may be disposed proximate or may be
disposed on the input shaft 64. For example, the drive gear
68 may have a hole through which the input shaft 64 may
extend. The drive gear 68 may rotate about or with respect
to the input shaft 64 and the first axis 80 under certain
operating conditions. The drive gear 68 may include a
plurality of teeth 86 that may be arranged around an outside
circumference of the drive gear 68.

The output shaft 70 may extend along and may be
configured to rotate about the first axis 80. For instance, the
output shaft 70 may be supported by one or more bearings
that may be disposed on the housing 60. The bearings may
facilitate rotation of the output shaft 70 while inhibiting
axial movement of the output shaft 70 along the first axis 80.
The output shaft 70 may be coupled to the interaxle differ-
ential unit 66. For instance, the output shaft 70 may be
coupled to an output gear of the interaxle differential unit 66.

The output yoke 72 may {facilitate coupling of the first
drive axle assembly 30 to the prop shaft 40. The output yoke
72 may have any suitable configuration and may be part of
a coupling 44 or universal joint. The output yoke 72 may be
fixedly coupled to the output shaft 70. For instance, the
output yoke 72 may include a center bore that may receive
an end of the output shaft 70. The center bore and the output
shaft 70 may be provided with mating splines that may help
align and secure the output yoke 72 to the output shaft 70.
A fastener, such as a nut, may be threaded onto an end of the
output shaft 70 to further secure and inhibit removal of the
output yoke 72 from the output shaft 70.

The first pinion 74 may be spaced apart from the input
shaft 64 and may be configured to rotate about a first pinion
axis 90. For instance, the first pinion 74 may be supported
by one or more bearings that may be disposed in the housing
60 that may facilitate rotation of the first pinion 74 while
inhibiting axial movement of the first pinion 74 along the
first pinion axis 90. In at least one embodiment, the first axis
80 and the first pinion axis 90 may be spaced apart and
extend substantially parallel to each other.

The first pinion 74 may include a first pinion gear 92 that
may be disposed at an end of the first pinion 74. The first
pinion gear 92 may be integrally formed with the first pinion
74 and may generally have a tapered conical configuration
that may become progressively narrower or become closer
to the first pinion axis 90 in a direction that extends away
from the driven gear 76 and toward the end of the first pinion
74 that is disposed proximate the first ring gear 78. The first
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pinion gear 92 may include a first set of pinion gear tecth 94
that mate with corresponding ring gear teeth on the first ring
gear 78. The first set of pinion gear teeth 94 may be arranged
around the first pinion axis 90 and may have a spiral or
hypoid configuration. Each member of the first set of pinion
gear teeth 94 may have a common or substantially identical
configuration. For instance, each pinion gear tooth 94 may
extend along an arc or spiral with respect to the first pinion
axis 90. In addition, each pinion gear tooth 94 may have a
convex side 96 and a concave side 98 that may be disposed
opposite the convex side 96.

The first pinion 74 may be operatively connected to the
input shaft 64 and the first ring gear 78. For example, the first
pinion 74 may be operatively connected to the input shaft 64
via the interaxle differential unit 66, the drive gear 68, and
the driven gear 76 and may engage the first ring gear 78. As
such, the first pinion 74 may provide or transmit torque from
the input shaft 64 to the first ring gear 78.

The driven gear 76 may be disposed proximate or may be
disposed on the first pinion 74. For example, the driven gear
76 may have a hole through which the first pinion 74 may
extend. The driven gear 76 may include a plurality of teeth
100 that may be generally arranged about an outside cir-
cumference of the driven gear 76 that may engage and mate
with the set of teeth 86 of the drive gear 68.

The first ring gear 78 may be configured to rotate about a
first ring gear axis 110. The first ring gear axis 110 may be
disposed proximate the center of the first ring gear 78. The
first ring gear 78 may be operatively connected to and may
provide torque to one or more wheel axles 52 of the first
drive axle assembly 30. For example, the first ring gear 78
may be part of the differential 50 of the first drive axle
assembly 30 and may be directly or indirectly connected to
a wheel axle 52 of the first drive axle assembly 30. The first
pinion 74 and/or first pinion axis 90 may be positioned
below the first ring gear axis 110. Moreover, the input shaft
64, the drive gear 68, the output shaft 70 and other compo-
nents disposed along the first axis 80 may be positioned
above the first pinion 74, the first pinion axis 90, and the first
ring gear axis 110 in one or more embodiments. This “high
entry” configuration may position these components above
lubricant that may accumulate in the bottom of the housing
60, thereby reducing or avoiding frictional drag with the
lubricant that may otherwise reduce operational efficiency of
the first drive axle assembly 30. In at least one embodiment,
the first ring gear 78 may include a first front surface 112, a
first back surface 114, a first hole 116, and a first set of ring
gear teeth 118.

The first front surface 112 may extend around the first ring
gear axis 110. As is best shown in FIG. 3, the first front
surface 112 may be substantially planar and may be disposed
substantially perpendicular to the first ring gear axis 110.
The first front surface 112 may extend radially outward from
the first hole 116 to the first set of ring gear teeth 118.
Moreover, the first front surface 112 may extend around and
may at least partially define the first hole 116 or an opening
of the first hole 116.

The first back surface 114 may be disposed opposite the
first front surface 112. As such, the first back surface 114
may be completely spaced apart from the first front surface
112. In at least one embodiment, the first back surface 114
may be substantially planar and may be disposed substan-
tially perpendicular to the first ring gear axis 110. The first
back surface 114 may also be disposed substantially parallel
to the first front surface 112.

The first hole 116 may extend from the first front surface
112 to the first back surface 114. The first hole 116 may
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extend along and may be centered about the first ring gear
axis 110. As such, an inside circumference of the first ring
gear 78 may at least partially define the first hole 116. The
first hole 116 may be configured to receive another compo-
nent, such as a portion of the wheel axle 52. The first hole
116 may be spaced apart from the first set of ring gear teeth
118 to help strengthen the first ring gear 78.

The first set of ring gear teeth 118 may be arranged around
the first hole 116. For example, the first set of ring gear teeth
118 may be arranged around the first hole 116 and the first
ring gear axis 110 such that the first front surface 112 may
be disposed between and may separate each ring gear tooth
118 from the first hole 116. Each member of the first set of
ring gear teeth 118 may have a common or substantially
identical configuration. For instance, each ring gear tooth
118 may have a spiral configuration or a helical configura-
tion that may extend at an angle with respect to the first front
surface 112. As such, each ring gear tooth 118 may extend
along a curved path (e.g., helical or spiral path) away from
the first ring gear axis 110, and may extend away from the
first front surface 112 toward the first back surface 114. In
addition, each ring gear tooth 118 may have a convex side
120 and a concave side 122 that may be disposed opposite
the convex side 120. The first set of pinion gear teeth 94 may
engage the convex side 120 of the first set of ring gear teeth
118 when the first pinion 74 rotates the first ring gear 78.

The second drive axle assembly 32 may be configured to
provide torque to its associated wheel assemblies 14 via its
wheel axles 52. In at least one embodiment, the second drive
axle assembly 32 may include a housing 130, an input yoke
132, a second pinion 134, and a second ring gear 136.

The housing 130 may receive various components of the
second drive axle assembly 32. In addition, the housing 130
may facilitate mounting of the second drive axle assembly
32 to the vehicle 10.

The input yoke 132 may facilitate coupling of the second
drive axle assembly 32 to the prop shaft 40. The input yoke
132 may have any suitable configuration and may be part of
a coupling 44 or universal joint. The input yoke 132 may
also be fixedly coupled to the second pinion 134. For
instance, the input yoke 132 may include a center bore that
may receive an end portion of the second pinion 134. The
center bore and the second pinion 134 may be provided with
mating splines that may help align and secure the input yoke
132 to the second pinion 134. A fastener, such as a nut, may
be threaded onto an end of the second pinion 134 to further
secure and inhibit removal of the input yoke 132 from the
second pinion 134.

The second pinion 134 may be operatively connected to
the output shaft 70 via the prop shaft 40 and may provide or
transmit torque from the output shaft 70 and prop shaft 40
to the second ring gear 136. The second pinion 134 may be
configured to rotate about a second pinion axis 140. For
instance, the second pinion 134 may be supported by one or
more bearings that may be disposed in the housing 130 that
may facilitate rotation of the second pinion 134 while
inhibiting axial movement of the second pinion 134 along
the second pinion axis 140. In at least one embodiment, the
first pinion axis 90 and the second pinion axis 140 may be
spaced apart and extend substantially parallel to each other.
In addition, the second pinion axis 140 may be spaced apart
from and disposed substantially parallel to the first axis 80;
however, the second pinion axis 140 may not be coaxially
disposed with the first axis 80. In addition, the first axis 80
and the second pinion axis 140 may not be coaxially
disposed with or extend substantially parallel to the prop
shaft axis 42 as is best shown in FIG. 2.
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The second pinion 134 may include a second pinion gear
142 that may be disposed at an end of the second pinion 134.
The second pinion gear 142 may be integrally formed with
the second pinion 134 and may generally have a tapered
conical configuration that may become progressively nar-
rower or become closer to the second pinion axis 140 in a
direction that extends away from the input yoke 132 and
toward the end of the second pinion 134 that is disposed
proximate the second ring gear 136. The second pinion gear
142 may include a second set of pinion gear teeth 144 that
mate with corresponding teeth on the second ring gear 136.
The second set of pinion gear teeth 144 may be arranged
around the second pinion axis 140 and may have a spiral or
hypoid configuration. Each member of the second set of
pinion gear teeth 144 may have a common or substantially
identical configuration. For instance, each pinion gear tooth
144 may extend along an arc or spiral with respect to the
second pinion axis 140. In addition, each pinion gear tooth
144 may have a convex side 146 and a concave side 148 that
may be disposed opposite the convex side 146.

The second ring gear 136 may be configured to rotate
about a second ring gear axis 150. The second ring gear axis
150 may be disposed proximate the center of the second ring
gear 136. The second ring gear 136 may be operatively
connected to and may provide torque to one or more wheel
axles 52 of the second drive axle assembly 32. For example,
the second ring gear 136 may be part of the differential 50
of the second drive axle assembly 32 and may be directly or
indirectly connected to a wheel axle 52 of the second drive
axle assembly 32. The second pinion 134 and/or second
pinion axis 140 may be positioned above the second ring
gear axis 150. Moreover, the second pinion axis 140 may be
disposed substantially parallel to the first axis 80 and the first
pinion axis 90. In at least one embodiment, the second ring
gear 136 may include a second front surface 152, a second
back surface 154, a second hole 156, and a second set of ring
gear teeth 158.

The second front surface 152 may extend around the
second ring gear axis 150. As is best shown in FIG. 3, the
second front surface 152 may be substantially planar and
may be disposed substantially perpendicular to the second
ring gear axis 150. The second front surface 152 may extend
radially outward from the second hole 156 to the second set
of ring gear teeth 158. Moreover, the second front surface
152 may extend around and may at least partially define the
second hole 156 or an opening of the second hole 156.

The second back surface 154 may be disposed opposite
the second front surface 152. As such, the second back
surface 154 may be completely spaced apart from the second
front surface 152. In at least one embodiment, the second
back surface 154 may be substantially planar and may be
disposed substantially perpendicular to the second ring gear
axis 150. The second back surface 154 may also be disposed
substantially parallel to the second front surface 152.

The second hole 156 may extend from the second front
surface 152 to the second back surface 154. The second hole
156 may extend along and may be centered about the second
ring gear axis 150. As such, an inside circumference of the
second ring gear 136 may at least partially define the second
hole 156. The second hole 156 may be configured to receive
another component, such as a portion of the wheel axle 52.
The second hole 156 may be spaced apart from the second
set of ring gear teeth 158 to help strengthen the second ring
gear 136.

The second set of ring gear teeth 158 may be arranged
around the second hole 156. For example, the second set of
ring gear teeth 158 may be arranged around the second hole
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156 and around the second ring gear axis 150 such that the
second front surface 152 may be disposed between and may
separate each ring gear tooth 158 from the second hole 156.
Each member of the second set of ring gear teeth 158 may
have a common or substantially identical configuration. For
instance, each ring gear tooth 158 may have a spiral con-
figuration or a helical configuration that may extend at an
angle with respect to the second front surface 152. As such,
each ring gear tooth 158 may extend along a curved path
(e.g., helical or spiral path) away from the second ring gear
axis 150, and may extend away from the second front
surface 152 toward the second back surface 154. In addition,
each ring gear tooth 158 may have a convex side 160 and a
concave side 162 that may be disposed opposite the convex
side 160. The second set of pinion gear teeth 144 may
engage the convex side 160 of the second set of ring gear
teeth 158 when the second pinion 134 rotates the second ring
gear 136.

As shown in FIGS. 2 and 3, the first drive axle assembly
30 and the second drive axle assembly 32 have different
pinion and ring gear configurations. More specifically, the
first and second pinions 74, 134 may have different con-
figurations and the first and second ring gears 78, 136 may
have different configurations. The different configurations
result in different structural, operational, and performance
characteristics between the first drive axle assembly 30 and
the second drive axle assembly 32. In addition, these dif-
ferences allow the first pinion 74 and the second pinion 134
to be disposed substantially parallel to each other (i.e., the
first pinion axis 90 may be disposed substantially parallel to
the second pinion axis 140, but not coaxial with the second
pinion axis 140), which may help reduce noise, vibration,
and harshness (NVH) and may provide other advantages or
benefits as will be discussed in more detail below. Such a
configuration may allow the second axle assembly 32 to
achieve faster gear ratios and improved gear operating
efficiency.

The different gear configurations of the first drive axle
assembly 30 in the second drive axle assembly 32 may result
in a drive axle system 24 in which the first ring gear 78 and
the second ring gear 136 are disposed on opposite sides of
the first plane 172. Other associated structural characteristics
and differences between the first drive axle assembly 30 and
the second drive axle assembly 32 may be better understood
with reference to different planes that may be associated
with different rotational axes of the drive axle system 24.

Referring to FIG. 2, the first ring gear axis 110 and the
second ring gear axis 150 may be disposed along a substan-
tially horizontal axis or may be disposed in in a substantially
horizontal plane 170 when the first drive axle assembly 30
and the second drive axle assembly 32 are in nominal design
positions, such as when the first ring gear axis 110 and
second ring gear axis 150 are disposed substantially equal
distances from a vehicle chassis. The first pinion axis 90 and
the second pinion axis 140 may not be disposed parallel to
the horizontal plane 170. For example, the first pinion axis
90 and the second pinion axis 140 may be disposed at an
angle of about 3-5° respect to the horizontal plane 170 in one
or more embodiments.

Referring to FIG. 3, the first axis 80 and the second pinion
axis 140 may be disposed in a first plane 172. The first plane
172 may be disposed substantially perpendicular to the first
ring gear axis 110 and the second ring gear axis 150 and may
extend in a generally vertical direction. Although the first
axis 80 and the second pinion axis 140 may be disposed in
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the first plane 172, the first axis 80 in the second pinion axis
140 may not be coaxially disposed as is best shown in FIG.
2.

Referring to FIG. 2, relative positioning of axes associ-
ated with the first drive axle assembly 30 and the second
drive axle assembly 32 in a vertical direction is best shown.
These axes relationships may result from the different pinion
and ring gear configurations employed in the first drive axle
assembly 30 and the second drive axle assembly 32.

Regarding the first drive axle assembly 30, the first axis
80 may be disposed above the first pinion axis 90 and the
first ring gear axis 110. The first ring gear axis 110 may be
disposed below the first axis 80 and may be disposed above
the first pinion axis 90.

Regarding the second drive axle assembly 32, the second
pinion axis 140 may be disposed above the second ring gear
axis 150.

Regarding the first drive axle assembly 30 and the second
drive axle assembly 32 in combination, the first axis 80 may
be disposed above the second pinion axis 140 and hence
above the second ring gear axis 150. The second pinion axis
140 may be disposed below the first axis 80 and may be
disposed above the first pinion axis 90.

Referring to FIG. 3, relative positioning of axes associ-
ated with the first drive axle assembly 30 and the second
drive axle assembly 32 in a lateral or horizontal direction is
shown.

Regarding the first drive axle assembly 30, the first axis
80 may be disposed in the first plane 172. The first pinion
axis 90 may be offset from and may not be disposed in the
first plane 172. Instead, the first pinion axis 90 may be
disposed between the first plane 172 and the first front
surface 112 of the first ring gear 78. The first front surface
112 of the first ring gear 78 may face toward first plane 172
and may be completely spaced apart from the first plane 172.
The first front surface 112 of the first ring gear 78 may be
disposed at a first distance D1 from the first plane 172.

Regarding the second drive axle assembly 32, the second
pinion axis 140 may be disposed in the first plane 172. The
second front surface 152 of the second ring gear 136 may
face toward the first plane 172 and may be completely
spaced apart from the first plane 172. The second front
surface 152 may be disposed at a second distance D2 from
the first plane 172.

Regarding the first drive axle assembly 30 and the second
drive axle assembly 32 in combination, the first axis 80, the
prop shaft axis 42, and the second pinion axis 140 may be
coplanar and may be disposed in the first plane 172. In
addition, prop shaft axis 42 may intersect and may not be
disposed parallel to the first axis 80 and the second pinion
axis 140 as is best shown in FIG. 2. Referring to FIG. 3, the
first axis 80 and the second pinion axis 140 may not be
coplanar with the first pinion axis 90. The first front surface
112 and the second front surface 152 may be disposed on
opposite sides of the first plane 172 and may be disposed
substantially parallel to each other. The first front surface
112 of the first ring gear 78 may be disposed further from the
first plane 172 than the second front surface 152 of the
second ring gear 136 (D1>D2). The first back surface 114 of
the first ring gear 78 may be disposed further from the first
plane 172 than the second back surface 154 of the second
ring gear 136.

In at least one embodiment, the first set of pinion teeth 94
of'the first pinion gear 92 may be provided with a right-hand
spiral while the first set of ring gear teeth 118 of the first ring
gear 78 may be provided with a left-hand spiral. Such a
configuration may position the first set of ring gear teeth 118
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at least partially below the horizontal plane 170. The second
set of pinion gear teeth 144 may be provided with a left-hand
spiral while the second set of ring gear teeth 158 of the
second ring gear 136 may be provided with a right-hand
spiral. Such a configuration may allow the second set of
pinion gear teeth 144 to be at least partially disposed above
the horizontal plane 170. Positioning the second set of
pinion gear teeth 144 at least partially above the horizontal
plane 170 or wheel axle centerline may improve alignment
between the output shaft 70 of the first drive axle assembly
30 and the input or second pinion 134 of the second drive
axle assembly 32. Moreover, the second drive axle assembly
32 may be able to achieve faster gear ratios within an
existing housing 130 or within the same package space as
traditional drive axle designs. As such, the cost, complexity,
and/or packaging issues that may be associated with a new
housing design may be avoided. In addition, the second
drive axle assembly 32 may have a more durable design in
which stress and/or load forces on the differential case,
bearings, pinion gear teeth 144 and/or ring gear teeth 158
may be reduced as compared to using gear teeth configura-
tions like those of the first drive axle assembly 30 in which
the pinion gear teeth exert force on the concave side of the
ring gear teeth.

While exemplary embodiments are described above, it is
not intended that these embodiments describe all possible
forms of the invention. Rather, the words used in the
specification are words of description rather than limitation,
and it is understood that various changes may be made
without departing from the spirit and scope of the invention.
Additionally, the features of various implementing embodi-
ments may be combined to form further embodiments of the
invention.

What is claimed is:

1. A drive axle system comprising:

a first drive axle assembly that includes:

an input shaft and an output shaft that rotate about a
first axis;

a first ring gear that rotates about a first ring gear axis
and provides torque to a first wheel axle; and

a first pinion that rotates about a first pinion axis and
that is operatively connected to the input shaft and
the first ring gear such that the first pinion provides
torque from the input shaft to the first ring gear; and

a second drive axle assembly that includes:

a second ring gear that rotates about a second ring gear
axis and provides torque to a second wheel axle; and

a second pinion that rotates about a second pinion axis
and that is operatively connected to the output shaft,
wherein the second pinion provides torque from the
output shaft to the second ring gear;

wherein the first pinion axis is disposed parallel to the

second pinion axis, the first axis is coplanar with the
second pinion axis, and the first axis and the second
pinion axis are not coplanar with the first pinion axis.

2. The drive axle system of claim 1 wherein the first axis
is disposed parallel to the first pinion axis and the second
pinion axis.

3. The drive axle system of claim 2 wherein the second
pinion axis is not coaxially disposed with the first axis.

4. The drive axle system of claim 1 wherein the first ring
gear has a first front surface that faces toward the first pinion
and a first set of ring gear teeth that are arranged around the
first ring gear axis and extend away from first ring gear axis
and extend away from the first front surface.
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5. The drive axle system of claim 1 wherein the second
pinion axis is disposed below the first axis and disposed
above the first pinion axis.

6. The drive axle system of claim 5 wherein the first ring
gear axis is disposed below the first axis and disposed above
the first pinion axis.

7. The drive axle system of claim 1 wherein the second
pinion axis is disposed above the second ring gear axis.

8. The drive axle system of claim 7 wherein the first
pinion axis is disposed below the first ring gear axis.

9. The drive axle system of claim 8 wherein the first axis
is disposed above the first pinion axis, the second pinion
axis, the first ring gear axis, and the second ring gear axis.

10. A drive axle system comprising:

a first drive axle assembly that includes:

an input shaft and an output shaft that rotate about a
first axis;

a drive gear that is disposed on the input shaft;

a first ring gear that rotates about a first ring gear axis
and provides torque to a first wheel axle, wherein the
first ring gear has a first front surface and a first set
of ring gear teeth that are arranged around the first
ring gear axis and extend away from the first front
surface;

a first pinion that rotates about a first pinion axis and
that provides torque to the first ring gear; and

a driven gear that is disposed on the first pinion and that
engages the drive gear; and

a second drive axle assembly that includes:

a second ring gear that rotates about a second ring gear
axis and provides torque to a second wheel axle,
wherein the second ring gear has a second front
surface and a second set of ring gear teeth that are
arranged around the second ring gear axis and extend
away from the second front surface; and

a second pinion that rotates about a second pinion axis
and that is operatively connected to the output shaft,
wherein the second pinion provides torque from the
output shaft to the second ring gear;
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wherein the first front surface faces toward the second

front surface.

11. The drive axle system of claim 10 wherein the first
pinion axis is disposed parallel to the second pinion axis.

12. The drive axle system of claim 11 wherein the first
axis and the second pinion axis are disposed in a first plane
and wherein the first front surface and the second front
surface both face toward the first plane.

13. The drive axle system of claim 12 wherein the first
plane is disposed perpendicular to the first ring gear axis and
the second ring gear axis.

14. The drive axle system of claim 12 wherein the first
front surface and the second front surface are completely
spaced apart from the first plane.

15. The drive axle system of claim 14 wherein the first
front surface and the second front surface are disposed on
opposite sides of the first plane and are disposed parallel to
each other.

16. The drive axle system of claim 15 wherein the first
pinion axis is disposed between the first plane and the first
front surface.

17. The drive axle system of claim 16 wherein the first
ring gear has a first back surface that is disposed opposite the
first front surface and the second ring gear has a second back
surface that is disposed opposite the second front surface,
wherein the first back surface is disposed further from the
first plane than the second back surface.

18. The drive axle system of claim 11 wherein each
member of the first set of ring gear teeth has a convex side
and a concave side disposed opposite the convex side and
the first pinion has a first set of pinion gear teeth, wherein the
first set of pinion gear teeth engage the convex side of the
first set of ring gear teeth.

19. The drive axle system of claim 18 wherein each
member of the second set of ring gear teeth has a convex side
and a concave side disposed opposite the convex side and
the second pinion has a second set of pinion gear teeth,
wherein the second set of pinion gear teeth engage the
convex side of the second set of ring gear teeth.
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